The determination of extremely low concentrations of lead in tap-water samples requires powerful techniques, and only few techniques have sufficient sensitivity.
Although XAD adsorption resines have been employed in on-line preconcentration systems for retaining soluble complexes, 7, 8 reports have not been found in the literature regarding their application in filter packing to retain precipitates. On the other hand, the use of an ultrasonic nebulizer can provide a 5 -50 fold improvement in the detection limits. [9] [10] [11] In this work, a method for preconcentrating and determining of lead using a packed-bed filter with Amberlite XAD-7 resin packing is proposed. Lead was retained under the form of the lead-diethyldithiocarbamate (Pb-DDTC) precipitate compound. The determination was realized using ICP-AES associated with a FI methodology and an ultrasonic nebulization system.
Experimental

Reagents
The Amberlite XAD-7 resin (Rohm & Haas, Philadelphia, PA, USA) was used. The particle size was between 20 -50 mesh with a surface area of 450 m 2 g -1 .
A solution of sodium diethyldithiocarbamate (Aldrich, Milwaukee, WI, USA) was prepared by dissolving an appropiate amount in pH 9.5 buffer solution (0.03% w/v acetic acid + 0.06% v/v ammonia).
A lead standard solution was prepared by dissolving lead nitrate (99.999%, Aldrich, Milwaukee, WI, USA) in nitric acid
Ultrapure water (18 MΩ cm -1 ) was obtained from an EASY pure RF (Barnstedt, IA, USA). All other solvents and reagents were of analytical reagent grade or better.
Apparatus
The measurements were performed with a sequential inductively coupled plasma spectrometer [Baird (Bedford, MA, USA) ICP 2070]. The 1 m-Czerny-Turner monochromator had a holographic grating with 1800 grooves/mm. An ultrasonic nebulizer (U-5000 AT [CETAC Technologies (Omaha, NE, USA)]) with a desolvation system was used. The flow-injection system used is shown in Fig. 1 . A Minipuls 3 peristaltic pump [Gilson (Villiers Le-Bell, France)] was used. Sample injection was achieved using a Rheodyne (Cotati, CA, USA; Model 5041) of a six-port valve. A microbore glass column (50 mm length, 3 mm internal diameter) fitted with porous 25 µm glass frits was used as the resin holder. Tygon-type pump tubes (Ismatec, Cole-Parmer Instrument Company, IL, USA) were employed to propel the sample, reagent and eluent. The 220.353 nm spectral line was used and measurements of the FI system were expressed as peak-height emission, which was corrected against the reagent blank. 
Procedure
Before loading a sample on the filter, it was conditioned for preconcentration with a 0.01% w/v DDTC solution buffered to pH 9.5 with ammonia-acetate. An aqueous sample solution (0.01 M nitric acid) containing lead and DDTC (0.1% w/v) buffered to pH 9.5 were mixed on-line to form a metal complex. This mixture was then loaded on the microcolumn at a flow rate of 10 ml min -1 during 120 s, with valve V in the load position. After this loading time, further washing with a DDTC solution served to remove any sample still present in the lines and in the microcolumn. Finally, peristaltic pump P1 was stopped and the injection valve was switched onto the injection position and the retained metal complex was eluted with 4 M nitric acid at a flow rate of 1.5 ml min -1 directly in the ultrasonic nebulizer and the plasma.
Results and Discussion
The preconcentration of lead from tap-water samples was necessary because its concentration could be too low to be compatible with ICP-AES detection limits, even when the ultrasonic nebulization system was coupled. For example, Sperling et al. 12 have reported lead concentrations in tap-water samples as low as 1.87 µg l -1 . In order to obtain accurate and precise analytical results, an efficient preconcentration of lead should be performed before conducting an ICP-AES measurement.
In order to optimize the sorption conditions for the retention of metal complexes, the lead signal was monitored by measuring it with ICP-AES while changing the pH of the solution that passes through the microcolumn. The optimal pH values were in the range 8.5 -10.5. This phenomenon is understandable, since better complexation occurs within this range. According to these results, the selected pH was set at 9.5.
The flow rate of the sample through the microcolumn is a very important parameter, since this is one of the steps that controls the analysis time. We could verify that with flow-rates of up to 10 ml min -1 , there was no effect on the analyte recovery, which under the optimum conditions was 90%. The processes which inhibit the quantitative retention of the complex would be filtration and/or adsorption. The latter can be demonstrated if we consider that it was not necessary to use a reaction coil for the quantitative formation of the complex. Besides, the dissolution process was not considered due to the fact that this process was performed in a batch system. A sample-loading rate of 10 ml min -1 was selected. We found that stable recoveries could be obtained when the DDTC concentration was 0.1% w/v. The dependence of the percent of lead recovery on the sample loading time was studied. The recovery remained constant (90%) until a loading time of approximately 120 s, after which it gradually decreased. Therefore, in order to obtain a high enhancement factor, a loading time of 120 s was used for preconcentration.
A resin XAD-7 packed filter allowed the lead present in the samples to be efficiently preconcentrated. This might have been due not only to retention by filtration of the Pb-DDTC precipitate complex, but also to possible adsorption effects of the complex on the resin surface. The resin size constitutes an important parameter, since it must allow appropriate complex retention with low hydrodynamic impedance. The particle size used in this work (20 -50 mesh) permitted us to obtain the optimum retention (90%) at sample flow rates as high as 10 ml min -1 .
The selection of the eluent used for the complex was critical. In most reported work, because a determination is done using ETAAS, the use of an organic solvent does not cause any difficulties. This was not possible in this case, because organic solvents generate instability in the ICP, which can eventually lead to its extinction. Nitric acid turned out to be a good eluent for the Pb-DDTC complex with 4 M as the minimum concentration necessary to obtain the best response. The optimum flow rate of the eluent was 1.5 ml min -1 .
The effects of representative potential interferent species were tested. Thus, Cu , Mn 2+ and Fe 3+ could be tolerated up to at least 2500 µg l -1 . Commonly encountered matrix components, such as alkali and alkaline earth elements, generally do not form stable complexes and are not retained on the microcolumn.
The overall time required for the preconcentrating a 20 ml sample (2 min, at flow rate of 10 ml min -1 ), washing (0.3 min, at flow rate of 1.2 ml min -1 ), eluting (approx. 1 min, at flow rate of 1.5 ml min -1 ) and conditioning (0.4 min, at flow rate of 1.2 ml min -1 ) about 3.7 min; the throughput was about 16 samples per hour. A total enhancement factor of approximately 270 was obtained with respect to ICP-AES using neumatic nebulization (approximately 15 for USN and 18 for the preconcentration column).
In order to demonstrate the validity of this method, a 1-l of tap-water sample was collected and divided in 10 portions of 100 ml each. The proposed method was applied to six portions and the average quantity of lead obtained was taken as a base value. Then, increasing quantities of lead were added to the other aliquots of the sample, and lead was determined by the same method (Table 1) . Additionaly, the proposed method was applied to a standard reference material, NIST SRM 1640 Trace Elements in Natural Water, with a lead content of 27.89 ± 0.14 µg kg -1 ; the density of SRM 1640 at 22˚C was 1.0015 ± 0.0005 g ml -1 . Using the proposed method the content of lead determined in this SRM was 27.50 ± 0.40 µg kg -1 . The reproducibility of the preconcentration method was evaluated by passing through the column 20 ml of a standard solution of lead (20 µg l -1
) and repeating this procedure 10 times. The relative standard deviation (RSD) was 1.9%, calculated using the obtained peak heights. The calibration graph using the preconcentration system for lead was linear with a correlation coefficient of 0.9998 at levels near the detection limits up to at least 100 ng ml -1 . The detection limit (DL) was calculated as the amount of lead required to yield a net peak equal to threetimes the standard deviation of the background signal (3σ). The value of DL obtained for the preconcentration of 20 ml of aqueous solution was 0.12 µg l -1 . Finally, the results of the method applied to lead determination in tap-water samples are given in Table 2 .
Conclusions
The connection of an on-line preconcentration system with a FI-ICP-AES increased the speed of the preconcentration and analysis process and reduced sample consumption and contamination risks. This system of preconcentration associated with ultrasonic nebulization allowed lead determination in tapwater samples in which the concentration was on the order of the µg l -1 . The determination showed good reproducibility and accuracy.
